We have determined the genomic location and nucleotide sequence of the equine herpesvirus 4 thymidine kinase (TK) gene. The gene is positioned at approximately 0-48 map units within the long unique component of the genome and is flanked by genes encoding a herpes simplex virus 1 (HSV-1) UL24 homologue and glycoprotein H. The predicted protein is composed of 352 amino acids, has an Mr of 38 800 and exhibits 36 % identity to the predicted TK of HSV-1.
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Equine herpesviruses types 1 and 4 (EHV-1 and -4) are alphaherpesviruses responsible for significant economic losses within the equine industry. EHV-1 induces abortion, respiratory disease and neurological disease. EHV-4, previously classified as EHV-1 subtype 2, is primarily associated with respiratory disease although EHV-4-induced abortions are reported occasionally (Allen & Bryans, 1986) .
During lyric infection, many herpesviruses induce a virus-specific deoxypyrimidine kinase (thymidine kinase, TK), an enzyme operative in the salvage pathway of pyrimidine biosynthesis (Kit, 1985a) . TK proteins of distinct viral origins differ in their affinity for natural substrates such as thymidine and deoxycytidine and for nucleoside analogues such as acyclovir, which, in a phosphorylated form, inhibit the DNA replicative cycle of specific herpesviruses (Kit, 1985a; Kit et al., 1987) . TK-herpesviruses are often less neurovirulent than their TK + counterparts due to a reduced capacity to replicate within resting cells in vivo (Field & Wildy, 1978; Kit, 1985a) . TK gene function has also been linked to herpesvirus pathogenicity (Kit et al., 1985a, b) and to the capacity to reactivate from a latent state (Efstathiou et al., 1989; Tenser et al., 1989) .
The nucleotide sequences of the TK genes of a variety of herpesviruses, including EHV-1, have been reported (reviewed in Robertson & Whalley, 1988; Honess et al., 1989; Mittal & Field, 1989; Scott et aL, 1989) . Here we report the nucleotide sequence of the EHV-4 TK gene and compare selected regions of the predicted amino acid sequence of its protein to those of other herpesvirus TK proteins.
The EHV-4 genome is a dsDNA molecule of 144 kbp, composed of a long (L) and short component (S), the latter bounded by a set of inverted repeats (Cullinane et al., 1988) . The EHV-4 TK gene was expected to map at around 0.5 map units (m.u.) given the reported position of the EHV-1 TK gene (Robertson & Whalley, 1988) and evidence for collinearity of the long components of the EHV-1 and EHV-4 genomes (Cullinane et al., 1988) . Southern blot analyses were performed in which recombinant plasmids containing EHV-4 BamHI fragments mapping between 0.39 and 0.62 m.u. were digested with restriction endonucleases and hybridized to a 5.35 kbp BamHI/ClaI probe derived from the left end of EHV-1 BamHI fragment B (Fig. 1) . This probe contains the entire TK gene of EHV-1 and flanking sequence (Robertson & Whalley, 1988) . Restriction digest products were electrophoresed through 0.75 % agarose and transferred to a GeneScreen membrane (New England Nuclear). The membrane was baked for 2 h at 80 °C, prehybridized overnight at 42 °C in 45% formamide, 4-2 x SSC, 4.2 x Denhardt's solution, 8% dextran sulphate, 0.04 M-PO2, 80 ~tg/ml salmon sperm DNA, 0-08 % SDS and hybridized for a similar period following the addition of 2 x 107 c.p.m, of denatured, 32p-labelled EHV-1 TK DNA. The blot was washed in 2 x SSC, 0.1% SDS at 65 °C, dried and exposed overnight. The EHV-1 probe hybridized to the BamHI C fragment of EHV-4 (0.43 to 0-53 m.u.), to a 10 kbp BamHI/ClaI fragment (BC10) and to three Sinai subfragments of C mapping between 0.48 and 0.53 m.u. (Fig. 1, 2a, 2b ). The ability of plasmids containing BamHI C and subfragment BC 10 to transform BHK TK-cells to a TK + phenotype confirmed the presence of a functional TK gene within these fragments. To localize the TK gene further, subfragments of EHV-4 C were cloned into a Bluescript M13 + plasmid vector and 20 gg of each construct was transfect-0000-9599 © 1990 SGM 
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CAGCGCGGCCGAGA~ACTC~GGTATCcAGTGG~TGTATA~GGG~AAA~A~TGCTGCGA~A~GT~AC~CcGTAT~TAAAAATAG~TATCT~AGTGGccGC~ACTATTG~GTCTGC 2280 The initial methionine codon of most viral and eukaryotic genes is the first 'in-frame' ATG from the RNA initiation site and resides within the consensus sequence (A/G)CCATGG (Kozak, 1984) , the most strongly conserved feature of which is a purine at position -3.
The predicted EHV-4 TK initiation codon is positioned at 949 to 951 bp within the sequence GTAATGG. The coding region of the gene commences at 949 bp and extends to a TGA termination codon at 2005 bp. A poly(A) signal AATAAA (Proudfoot & Brownlee, 1976) , is positioned 42 bp downstream of the termination codon. Fig. 4 . Coalignment of the putative nucleotide-(a) and nucleoside-(b) binding sites of the predicted amino acid sequences of the TKs of EHV-4, EHV-1 (Robertson & Whalley, 1988) , PRV (Kit, 1985a, b) , BHV-I (Mittal & Field, 1989) , BHV-2 (Sheppard & May, 1989) , MarHV (Otsuka & Kit, 1984) , HSV-1 (Wagner et al., 1981) , HSV-2 (Kit et aL, 1983) , VZV (Davison & Scott, 1986) , EBV (Baer et al., 1984) , HVS (Honess et al., 1989) , MDV (Scott et al., 1989) and HVT (Scott et al., 1989) . Residues conserved in all 13 herpesviruses are indicated below each alignment in upper case lettering. Residues conserved in at least 10 are indicated in lower case.
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The translated product of the EHV-4 TK gene is a 352 amino acid protein of predicted Mr 38 800. Comparison of its predicted amino acid sequence to those of other herpesvirus TKs (Wagner et al., 1981; Kit et al., 1983; Baer et al., 1984; Otsuka & Kit, 1984; Kit, 1985b; Davison & Scott, 1986; Robertson & Whalley, 1988; Honess et al., 1989; Mittal & Field, 1989; Scott et al., 1989; Sheppard & May, 1989 ) indicated identities as follows: 28 and 29~ with marmoset herpesvirus (MarHV) TK and bovine herpesvirus 2 (BHV-2) TK, 35 to 37% with the TKs of HSV-1, HSV-2, VZV and BHV-1, 42% with pseudorabies virus (PRV) TK, and 89% with EHV-1 TK. Comparison to gammaherpesvirus TKs indicated identities of 24 % with Epstein-Barr virus (EBV) TK (amino acids 208 to 527) and herpesvirus saimiri (HVS) TK (amino acids 283 to 607) and of 33 and 34% with Marek's disease virus (MDV) TK and herpesvirus of turkeys (HVT) TK respectively; the latter two seem to be more similar to alphaherpesviruses than to gammaherpesviruses in terms of their molecular biology.
Multiple alignments of herpesvirus TKs (Robertson & Whalley, 1988; Honess et al., 1989; Mittal & Field, 1989; Scott et al., 1989) have highlighted several regions of conserved sequence, two of which are detailed in Fig. 4 . The most N-terminal of these conserved regions (Fig. 4a) shares identity with a sequence domain within many nucleotide-binding proteins and has been proposed to form part of a nucleotide-binding site (Gentry, 1985; Otsuka & Kit, 1984) . The predicted EHV-4 TK nucleotide-binding domain conforms to the consensus sequence GXXGXGKT derived from functional and comparative studies (Otsuka & Kit, 1984; Gentry, 1985; Liu & Summers, 1988) , differing, as for EHV-1, PRV and MarHV, only in the substitution of a serine residue for threonine. A second sequence region conserved between herpesvirus TKs corresponds to the putative nucleoside-binding site (Fig. 4b) . Darby et al. (1986) have proposed that the catalytic centre of the HSV-1 TK enzyme, active as a dimer, is composed of three distinct regions of polypeptide arranged to form overlapping nucleoside-and nucleotide-binding sites. In addition to amino acids within the conserved nucleotide-and nucleoside-binding domains, a cysteine residue at position 336 forms part of the catalytic centre. Like most other herpesvirus TKs, the EHV-4 TK possesses a cysteine residue [Cys (315) ] at a comparable position. The precise role of other conserved regions of the herpesvirus TKs with respect to the structural and functional integrity of the protein remains to be determined.
The determination of the precise genomic position of the EHV-4 TK gene is a prerequisite to the production, by recombinant DNA techniques, of EHV-4 mutants with defined TK deletions. Studies on the growth characteristics and latency capacity of such mutants should lead to a greater understanding of the role of TK in herpesvirus pathogenesis.
